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Crude oil-utilizing strain Desulfovibrio vulgaris D107G3, a 
mesophilic sulfate-reducing bacterium isolated from Bach 
Ho gas-oil field in Vung Tau, Vietnam  
Vi khuẩn khử sunphat ưa ấm có khả năng sử dụng dầu thô Desulfovibrio vulgaris D107G3 
phân lập từ giếng khoan dầu khí mỏ Bạch Hổ, Vũng Tàu, Việt Nam 
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Some of anaerobic, mesophilic sulfate-reducing bacteria that produce H2S and cause microbial metal corrosion can 
degrade crude oil in anaerobic conditions. In this study, a mesophilic sulfate-reducing bacterial strain D107G3 isolated 
from Bach Ho gas-oil field in Vung Tau, Vietnam that is able to utilize crude oil in the anaerobic condition is reported. 
The strain D107G3 was classified as a Gram-negative bacterium by using Gram staining method. Basing on scanning 
microscopy observation, the cell of a strain D107G3 had a curved rod shape. The 16S rRNA gene sequence analysis 
showed that the strain D107G3 was identified as Desulfovibrio vulgaris with 99.7% identity. The suitable conditions for its 
growth that was determined via estimating its H2S production was the modified Postgate B medium containing 1% (v/v) 
crude oil, 1% NaCl (w/v), pH 7 and 300C incubation. In these conditions, the strain D107G3 can consume 11.4 % of crude 
oil total and oxidize heavy crude oil (≥ C45) for one month at anoxic condition. These obtained results not only contribute 
to the science but also continue to warn about the dangers of mesophilic sulfate reducing bacteria to the process of 
crude oil exploitation, use, and storage in Vung Tau, Vietnam. 
Trong bài báo này, chủng vi khuẩn khử sunphat (KSF) ưa ấm D107G3 phân lập từ giếng khoan dầu khí mỏ Bạch Hổ, Vũng 
Tàu, Việt Nam có khả năng sử dụng dầu thô trong điều kiện kị khí được công bố. Chủng D107G3 được xác định là vi khuẩn 
Gram âm nhờ phương pháp nhuộm Gram. Quan sát trên kính hiển vi điện tử quét cho thấy tế bào chủng D107G3 có hình 
que cong. Kết quả phân tích trình tự gen 16S rRNA đã xác định được chủng D107G3 thuộc loài Desulfovibrio vulgaris  với độ 
tương đồng 99.7%. Thông qua đánh giá lượng H2S tạo thành đã khám phá được điều kiện thích hợp cho sinh trưởng của 
chủng D107G3: môi trường Postgate B cải tiến chứa 1% (v/v) dầu thô, 1 % NaCl (gL-1), pH 7 và nuôi cấy ở 30°C. Trong điều kiện 
đó, chủng D107G3 đã sử dụng được 11.4 % hàm lượng dầu tổng số, thành phần dầu bị phân huỷ là các n-parafin có mạch 
C≥45 sau 1 tháng nuôi cấy kỵ khí. Các kết quả này đóng góp về mặt khoa học và tiếp tục cảnh báo mối nguy hại của KSF ưa 
ấm đến việc khai thác, sử dụng và bảo quản dầu mỏ ở Vũng Tàu, Việt Nam. 
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1. Introduction  
 
Sulfate-reducing bacteria (SRB) are a group of anaerobic 
bacteria that use sulfates as the terminal electron acceptor 
in the oxidation of organic compounds. They are found in 
anaerobic environments such as mud from the bottom of 
ponds, lakes, marine sediments, etc., and are capable of 
reducing sulfates to sulphides (Muyzer, Stam, 2008). SRB 
cause serious problems in industry, especially the offshore 
oil industry. Many SRB species have been found in oil fields. 
Moreover, their growths acidified the petroleum formation 
by producing H2S gas causing reservoir souring. H2S gas 
generated by SRB is toxic, causing high corrosion leading 
to corrosion of metal equipment (Muyzer, Stam, 2008; 
Enning, Garrelfs, 2014; Basafa , Hawboldt, 2019). This has 
seriously affected the economic, health, safety and 
technical issues of the oil and gas exploitation. SRB often 
use two preferred substrate sources such as lactate and 
acetate for their growth. Recent studies have shown that 
many SRB species are capable of degrading hydrocarbons 
(Al-Asadi, 2011; Suárez-Suárez et al., 2011; Jakel et al., 
2015; Rabus et al., 2016; Roy et al., 2018). 
 
In Vietnam, the offshore oil and gas industry in Vung Tau 
province is also facing the petrochemical acidification and 
corrosion of metal equipment caused by SRB, including the 
mesophilic SRB. During the oil and gas exploitation, a large 
amount of deoxygenated seawater is often pumped into 
oil wells to maintain pressure in the well and increases the 
 
 




secondary oil exploitation. The anaerobic conditions 
associated with sulfate present in seawater promoted the 
growth of mesophilic SRB in drilled wells for exploitation 
and storage systems (Lai et al., 2000). Not only that, some 
of mesophilic SRB had the ability to utilize crude oil as the 
substrate source (Nguyen et al, 2010). Thus, in addition to 
the benefits gained from secondary extraction through 
water injection method, the risk of losses caused by 
mesophilic SRB should also be considered. The knowledge 
of their physiology could help to find out the solution for 
eliminating them. Thus, in this study, the classification as 
well as the suitable conditions for growth of an anaerobic, 
mesophilic sulfate reducing bacterium Desulfovibrio 
vulgaris D107G3 isolated from Bach Ho gas-oil field in Vung 
Tau was triggered out. 
 




The mesophilic sulfate reducing bacterial strain D107G3 
was isolated from well No. 3 (the secondary oil exploitation 
well by pumping seawater from outside) at Bachho field in 
Vung Tau (Nguyen et al., 2010). 
 
2.2 Medium and culture conditions 
 
The medium used to pre-culture strain D107G3 was 
modified Postgate B medium containing 1% NaCl (Lai et al, 
2003). The medium used for the isolation and investigation 
of crude oil utilization of a strain D107G3 was the modified 
Postgate B medium containing 1% NaCl in which lactate 
and acetate were replaced by crude oil as a sole substrate 
and yeast extract also was removed from medium 
components. The medium for cell harvest for total DNA 
extraction is the Postgate C medium with the added FeSO4 
content of 0.004 gL-1 (Nguyen et al, 2011). For solid 
medium, 12 gL-1 agar was added to the medium. In all 
experiments (isolation, Gram determination, cell 
morphology observation, cell harvest for DNA extraction, 
effect of environmental factors, total oil content analysis), 
the strains D107G3 were all cultivated under anaerobic 
conditions at 30°C (except for the experiment of 
temperature effect) with 1% of the preculture of strain 
D107G3 in log phase stage in the modified Postgate B 




SRB sample taken from well No.3 of Bach Ho field was 
cultivated in 1% NaCl modified Postgate B containing 1% 
crude oil at 30°C under anaerobic condition. The sample 
was then inoculated on 1% NaCl modified Postgate B agar 
medium containing 1% crude oil at 30°C under anaerobic 




2.4 Gram staining  
 
The mesophilic sulfate reducing bacterial strain D107G3 
was grown in 1% NaCl modified Postgate B medium at 
300C under anaerobic condition. After 24 hours of 
incubation, bacterial sample was taken and made Gram 
staining, and the Gram staining sample of strain D107G3 
was observed on the optical microscopy to determine 
Gram type. 
 
2.5 Scanning electron microscope (SEM) 
observation  
 
The mesophilic sulfate reducing bacterial strain D107G3 
was cultivated in 1% NaCl modified Postgate B medium at 
30°C under anaerobic condition. This strain was then 
transferred to 1% NaCl Postgate B medium modified 
containing 1% crude oil as a substrate source. When the 
strain D107G3 grow well, its culture was filtered to remove 
the FeS residues, then the cell culture was centrifuged 
8000 rpm at 4°C for 10 minutes, and after that the cell 
pellet was rinsed with PBS (pH = 7.2). Sample preparation 
and cell shape observation by the scanning electron 
microscope HITACHI S4800 according to Pham and Lai 
(2010). 
 
2.6 16S rRNA gene sequence analysis 
 
The strain D107G3 was pre-cultivated in 1% NaCl modified 
Postgate B medium. This strain was then incubated on 
Postgate C medium containing 1% NaCl for 4 days at 30°C. 
The FeS residues were filtered out and then the cell 
suspension was centrifuged to 8000 rpm at 4°C for 10 
minutes to collect cells. The total DNA of this strain was 
extracted using a bacterial DNA extraction kit (Qiagen, 
USA). Total DNA quality was tested on 1% agarose gel. The 
next steps were considered as PCR amplification, PCR 
product purification, gene sequences, sequence analysis, 
phylogenetic tree construction, which have been 
mentioned in Sakiyama et al. (2009). 
 
2.7 Examination of the effects of 
environmental factors on the growth of strain 
D107G3 in medium containing crude oil as a 
sole carbon source  
 
The effects of crude oil content, temperature, NaCl salt 
concentration and pH on the growth of mesophilic sulfate 
reducing bacterial strain D107G3 under anaerobic 
conditions were performed sequentially. The strain 
D107G3 was pre-cultivated in the modified Postgate B 
medium 1% NaCl. Then, it were cultivated in the 1 % NaCl 
modified Postgate B media with variant crude oil 
concentration (experiment on the effect of crude oil 
content-exp.1), temperature (experiment on the effect of 
temperature with the most suitable crude oil 
concentration that was determined in exp.1-exp.2), NaCl 
concentration (experiment on the effect of NaCl 
 
 




concentration basing on the most suitable crude oil 
concentration, temperature that were determined in 
exp.1, exp.2, -exp3), pH (experiment on the effect of pH 
under condition of the most suitable crude oil 
concentrations, temperature, NaCl concentration that 
were determined at exp.1, exp.2, exp.3-exp.4). The growth 
of the strain D107G3 under these different conditions was 
evaluated through the amount of its produced H2S 
(determined by iodometric titration). 
 
2.8 Analysis of total oil content and crude oil 
composition utilized by the strain D107G3  
 
The mesophilic sulfate reducing bacterial strain D107G3 
was pre-cultivated in 1 % NaCl modified Postgate B 
medium. Then, the strain anaerobically was cultivated in 
the modified Postgate B medium containing the most 
suitable crude oil, NaCl concentration that were 
determined by exp.1, exp.3 and under the most 
appropriate temperature and pH that were determined by 
exp.2, exp.4. After 4 weeks of incubation, the total oil 
content and crude oil component utilized by the strain 
D107G3 were determined by oil-in-water separation 
method and gas chromatographic method, respectively 
(Nguyen et al., 2011). 
 
3. Results and discussion  
 
3.1 Morphology of the mesophilic sulfate 





Figure 1. Colony morphology (a-left: 1% NaCl modified Postgate B agar medium containing 
1% crude oil, a-right: D107 strain grew in 1% NaCl modified Postgate B  agar medium 
containing 1% crude oil) and cell morphology (b) of the strain D107G3 in the modified 
Postgate B medium containing 1 % crude oil. 
 
The results which have been reported by Nguyen et al 
(2010) showed that there were several SRB communities 
taken from Vung Tau gas-oil field that were capable of 
using crude oil as a substrate source, including the 
mesophilic SRB communities taken from D107G3 well. In 
order to found out more the physiology, a single strain 
could be isolated. The colony morphology of strain 
D107G3 on 1 % NaCl modified Postgate B agar containing 
1 % crude oil was shown in Figure 1a. SEM observation of 
the cell morphology pointed out that the cell of strain 
D107G3 has a curved rod shape (Figure 1b) that is the 
typical shape of SRB (Muyzer, Stams, 2008). Gram staining 
results figured out that the strain D107G3 is Gram-
negative bacterium. This result is in agreement with the 
domestic and foreign studies that most of the mesophilic 
SRB are Gram-negative bacteria (Lai Thuy Hien, Dang 
Phuong Nga, 1998; Lai el al., 2003; Pikuta et al., 2003; 
Muyzer and Stams, 2008; Nguyen et al., 2011). 
 
3.2 Identification of the mesophilic sulfate 
reducing bacterial strain D107G3 
 
In order to figure out more the classification of a 
mesophilic sulfate reducing bacterial strain D107G3, its 
16S rRNA gene sequence was analysed. Its phylogenetic 
tree was presented in Figure 2. It showed that the strain 
D107G3 had 99.7 % similarity with Desulfovibrio vulgaris. 
This result is in the agreement with Brooijmans et al. (2009) 










Figure 2. Phylogenetic tree based on 16S rRNA sequence of a bacterial strain D107G3 and related species  
 
3.3 Effects of environmental factors on the 
growth of strain D107G3 in the medium 
containing crude oil  
 
To determine what is the suitable condition for the growth 
of bacteria strain D107G3 when it utilized the crude oil as 
a carbon source, the experiments for investigation of the 
effects of environmental factors including crude oil 
concentration, temperature, NaCl concentration and pH 
were performed one by one. Results are shown in Figure 
3. 
 
The Figure 3a showed that the strain D107G3 had a high 
ability to utilize crude oil. It was capable of growing on 
crude oil from 0.5% to 20%. However, it could not grow 
when the concentration of crude oil reached to 30% in 
medium. In the medium containing 1% crude oil, the 
D107G3 strain grew best (Figure 3a). Various studies had 
shown that the suitable crude oil concentration for SRB 
growth is from 0.5% to 5% (Kniemeyer et al., 2003; 
Nakagawa et al., 2008; Nguyen et al., 2011). Therefore, the 
results of this study confirm once again the range of crude 
oil concentration for SRB's suitable growth. Results on the 
effect of temperature on the growth of strain D107G3 
(Figure 3b) showed that this strain could not grow at 4°C 
and 550C, grew well at the temperature 30°C and 37°C and 
its optimal growth was 30°C (the amount of produced H2S 
was higher at 30°C than at 37°C - data not shown). This 
result is agreement with the growth temperature range of 
the mesophilic SRB (Davidova et al., 2006; Cravo-Laureau 
et al., 2007; Nguyen et al., 2011). 
 
The results of the effect of NaCl concentration on the 
growth of strain D107G3 (Figure 3c) showed that the strain 
D107G3 was able to grow in the range from 0% NaCl to 5% 
NaCl. Its growth ability was reduced when the NaCl 
concentration was up to 10%, 20%. It could not grow in 
medium containing 30% NaCl.  The most suitable for its 
growth was a medium containing 1% NaCl. This finding is 
so interesting since the normal concentration of NaCl in 
the seawater in Vung Tau is 2−3%. This strain is separated 
from a secondary exploitation well by pumping seawater. 
Thus, a 2−3% NaCl concentration is generally considered 
to be the suitable concentration for its growth. However, 
our results implied that its preferred NaCl concentration 
for the growth is 1%. Therefore, further studies are needed 
to find out the origin of this strain D107G3. 
 
The results (Figure 3d) showed that the strain D107G3 was 
capable of growing in the pH range of 5 − 9 and the neutral 
pH (pH = 7) was the optimal pH for the growth of this strain. 
This result once again confirmed the pH range suitable for 
the growth of the general mesophilic SRB (Feio et al., 2004; 
Cravo-Laureau et al., 2004; 2007) as well as mesophilic SRB 
isolate from Vung Tau gas oil wells (Dang et al., 1996; Lai 
Thuy Hien, Dang Phuong Nga, 1998; Nguyen et al., 2011). 
In sum, the most suitable medium for the growth of a strain 
D107G3 is the medium containing 1% crude oil, 1% NaCl, 





Desulfovibrio putealis_ NR029118 
Desulfonatronum lacustre_ AF418171 
Desulfovibrio vietnamensis_ X93994 
Desulfovibrio alaskensis_ Y11984 
Desulfovibrio psychrotolerans_ AM418397 
































Notes: +++ : very good growth; ++ : good growth ; −+ : 
weak growth; −: no growth  
 
Strain  Temperature (°C) 
4 30 37 55 





Figure 3. Effect of the crude oil concentration (% v/v) (a), temperature (b), concentration of NaCl (%) (c) and pH (d) on 
the growth of the strain D107G3   
 
3.4 Evaluation of total oil content and 
composition utilized by the strain D107G3  
 
The strain D107G3 was anaerobically cultured in the 
suitable medium modified Postgate B containing 1% crude 
oil, 1% NaCl, pH 7 and the incubation condition at 30°C. 
After 30 days of incubation, oil content and composition 
utilized by this strain was analyzed by oil-in-water 
separation method and gas chromatographic method, 
respectively. Basing on the oil-in-water separation method, 
it was shown that the crude oil content utilized by the 
strain D107G3 was 11.4%. The result of analysis of oil 
content of the control sample and the strain D107G3 
sample showed that the strain D107G3 had higher n-
paraffin content (especially from nC10 to nC28) than the 
control sample (Figure 4). This implied that this strain might 
utilize crude oil components with long chain hydrocarbon 
C ≥ 45. As a result, the crude oil could be more liquid. 
Therefore, this strain can be used in the treatment of heavy 






















































































































































































Figure 4. Gas chromatogram of control sample (a) and the strain D107G3 after 30 days of incubation in suitable 




The mesophilic sulfate reducing bacterial strain D107G3 
isolated from the Bach Ho gas oil field, Vung Tau was a 
Gram-negative bacterium with curved rod shape. The 16S 
rRNA gene sequence analysis showed that this strain 
belonged to Desulfovibrio vulgaris (99.7% homogeneity). 
The strain D107G3 is best grown in the modified Postgate 
B medium containing 1% (v/v) crude oil, 1% NaCl (gL-1), pH 
7 and incubation at 30°C. This strain utilized 11.4% of the 
total crude oil content and the decomposed oil 
components were n-paraffins of length C ≥ 45 after 30 days 
incubation under anaerobic conditions in the most 
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